Introduction

48
Pharmaceuticals and personal care products (PPCPs) are a class of emerging Sound estuary (US) [11] , and so on, have provided the basic information of PPCP 59 occurrence and fate in the estuary. Considering the estuarine areas are generally well 60 developed regions with high population density, the further investigation of 61 anthropogenic pollutant (such as PPCPs) is of great need. In addition, the estuarine 62 systems receive considerable contaminated inputs via WWTP effluent and river runoff.
63
The seasonal variations of PPCPs in the WWTP effluent due to the variations of PPCP 64 usage and removal efficiencies [2] , and in the river water due to the precipitation The salinity gradient is one of the main characteristic of the estuarine ecosystem.
69
Generally, the negative relationship between PPCP concentrations and salinities was 70 observed, which were mainly due to the dilution of PPCPs by incoming seawater in 71 the estuary [7, 12] . The investigation of PPCP distribution as a function of salinity in 72 the Jamaica Bay in US showed the conservative behavior of PPCPs in the estuary [12] . 73 However, a non-conservative behavior of PPCPs was observed in the Yangtze Estuary,
74
China [7] . The contradictory results indicated the further investigations are still 75 needed to understand PPCP behavior in the estuary. In addition, the hydrologic 76 condition of the estuarine turbidity maximum (ETM), where the suspended particles 77 were higher than those upstream or seaward [13] , is highly dynamic. Studies have 78 shown that there was a significant influence on the distribution of persistent organic 79 pollutants (e.g. polycyclic aromatic hydrocarbons) in ETM [14] . However, to our 80 knowledge, up to now information on the occurrence and fate of PPCPs in the ETM 81 was not available. Therefore, the further understanding of PPCP behavior as mixing 82 with seawater, especially in the ETM, is of great interest. wastewater might be directly discharged to the surface water, the application of
95
PPCPs as sewage markers will identify the potential hotspots of raw wastewater or 96 treated wastewater effluent discharge.
97
The objectives of the present study were to (1) determine the distribution and 
Study area
105
The Jiulong River estuary is a shallow estuary in the southeast coast of China. It 106 is characterized as a semi-diurnal tide with a typical subtropical monsoon climate.
107
The climate in the watershed of Jiulong River and its estuary is characterized with Table S1 in the River and its estuary, the water pollution has become a serious problem.
117
Sampling
118
The sampling sites in Jiulong River estuary are shown in Fig. 1 . To get a better 119 understanding, three samples (S1-S3) were collected from the upper estuary, which 120 includes narrow channels and freshwater outflow, four samples (S4-S7) were 121 collected from the middle estuary, and four samples (S8-S11) were collected from the 122 lower estuary, which is mainly mixed with seawater. The ETM is between Site S3 and
123
S4.
124
Water samples were collected on April 17th, June 4th, August 7th, October 10th,
125
and December 12th in 2014 to represent spring, wet season, summer, autumn, and 126 winter, respectively. For each sampling, samples were collected along a salinity 127 gradient from the upper estuary to the lower estuary. Sampling location, salinity, and 128 other hydrographic data are listed in SI Table S2 . Generally, the salinity ranged from 
Sample preparation and analysis
140
One liter of surface water was collected from each sampling site in amber glass 141 bottle and stored in a cooler with ice. Sample preparation and analysis were 142 performed according to our previous study [2, 9] . Briefly, samples were filtered (GF/F 143 glass microfiber filters, Whatman), acidified to pH 2 using hydrochloric acid, added 144 with 250 mg Na 4 EDTA·2H 2 O, and spiked with surrogate standards. Oasis HLB 145 cartridge (500 mg 6 mL, Waters) were preconditioned with 20 mL methanol, 6 mL 146 9 water, and 6 mL water with pH 2.0, and then loaded by 1000 mL water samples. After 147 the cartridges drying, analytes were eluted with 12 mL of methanol and 6 mL of water, while mobile phase B was methanol. The sample injection volume was 10 µL.
159
The mass spectrometric measurements were carried out on an ABI triple quadrupole 160 (QqQ) MS. The monitored target and reference ions are shown in SI Table S3 . identification. An instrumental blank, procedural blank, blank spike, sample duplicate, 167 and sample spike in duplicate were applied for each sampling. All instrumental and 168 10 procedural blanks were below the method detection limits (MDLs). As shown in Table   169 S3, more than 80% of the recoveries were in the range of 60-120% in blank spiked Table S3 ). NSAIDs in the estuary were also observed in the previous study [31] 
Spatial variations
283
In general, PPCP concentrations in the estuary decreased from the confluence of 284 river to the sea (Fig. 4) . For example, the total PPCPs concentrations in summer seawater. However, the decreased trend was discrete. As shown in Fig. 4 , a less 293 decrease or an increase of the total PPCP levels was observed in sites S2, S4-S6 in 294 spring and wet season, in S3 and S10 during winter, which might be due to the direct 295 discharge of wastewater. 
308
The mixing curves of PPCP concentration over salinity are shown in Fig. 5 .
309
Generally, the nonlinearity was observed for most PPCPs except for the NSAIDs. For River estuary. In addition, a rapid decrease of caffeine concentration was observed 320 from S1 to S5 in summer, which was faster than that expected from the mixing of blooms in the Jiulong River estuary. In addition, the ratios were higher in wet seasons 391 and summer, which was in accordance with our previous study in Jiulong River [9] .
392
As show in SI Table S1 , the precipitation in the wet season and summer in 2014 was 393 656.0 and 530.9 mm, respectively and therefore, the combined sewage overflow 394 might occur in Jiulong River estuary. Moreover, the ratio of bisphenol A to the 395 conservative PPCPs in most of the samples was higher than the average ratio (0.25) in
396
WWTP effluents. Especially at S1, S2, and S11, significantly high ratios of bisphenol
397
A to the conservative PPCPs were observed, which indicated the possible direct 398 discharge of industrial wastewater. 
